EP 3 937 597 A1

(19) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 3937 597 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
12.01.2022 Bulletin 2022/02

(21) Application number: 21176139.0

(22) Date of filing: 27.05.2021

(51) IntCl:
HO5K 1/18 (2006.01) HO1R 43/20 (2006.07)
HO1R 4/06 (2006.01) HO1R 12/59 (2011.01)

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 09.07.2020 US 202063049910 P
29.04.2021 US 202117243944

(71) Applicant: Aptiv Technologies Limited
14004 St. Michael (BB)

(72) Inventor: FALK, William
Warwick, 02888 (US)

(74) Representative: Westphal, Mussgnug & Partner,
Patentanwalte mbB
WerinherstraBBe 79
81541 Miinchen (DE)

(54) SOLDER COATED RIVET ELECTRICAL CONNECTOR

(57)  Anelectrical device includes a flat electrical con-
ductor (202) defining an aperture (204) and an electrically
conductive rivet (100, 400) with a body (102, 402) having
a layer of a solder composition (110, 410) disposed on
a first side (104, 404) and a tubular shaft (106, 406) ex-

tending from a second side (108, 408) of the body (102,
402) opposite the first side (104, 404). A free end (112,
412) of the tubular shaft (106, 406) is flared such that the
free end (112, 412) has a diameter larger than a diameter
of the aperture (202).

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 937 597 A1 2

Description

[0001] Automotive manufacturers are adopting flat
electrical conductors to replace traditional round wire ca-
bles to overcome some of the packaging challenges as-
sociated with wire cables. However, these flat electrical
conductors present some of their own technical challeng-
es, particularly when connecting the flat conductors to
conductive pads, e.g., on a glass surface. The thinness
of the flat connectors does not provide a strong bond
when soldered to a conductive pad and are subject to
peeling unless reinforced, e.g., with an epoxy adhesive,
which adds additional processing time and material cost.
Additionally, the thin flat conductors are a poor dissipator
of heat which can cause high mechanical stress levels
in the glass as heat is applied during the soldering proc-
ess which can lead to glass fractures.

[0002] Accordingtoone or more aspects of the present
disclosure, an electrical device includes a flat electrical
conductor defining an aperture and an electrically con-
ductive rivet with a body having a layer of a solder com-
position disposed on a first side and a tubular shaft ex-
tending from a second side of the body opposite the first
side. A free end of the tubular shaft is flared such that
the free end has a diameter larger than a diameter of the
aperture.

[0003] In one or more embodiments of the electrical
device according to the previous paragraph, the tubular
shaft defines a plurality of tubular sections separated by
slits extending axially along the tubular shaft.

[0004] In one or more embodiments of the electrical
device according to any one of the previous paragraphs,
the free end of the tubular shaft is flared such that a dis-
tance between the free ends of the plurality of tubular
sections is increased.

[0005] In one or more embodiments of the electrical
device according to any one of the previous paragraphs,
the body and the tubular shaft are integrally formed from
acopper-based alloy and wherein the solder composition
is a lead-free solder alloy.

[0006] In one or more embodiments of the electrical
device according to any one of the previous paragraphs,
the lead-free solder alloy contains indium.

[0007] In one or more embodiments of the electrical
device according to any one of the previous paragraphs,
the body defines an annular shape, and the first side of
the body is substantially parallel to the second side of
the body.

[0008] In one or more embodiments of the electrical
device according to any one of the previous paragraphs,
an outer diameter of the body is greater than an outer
diameter of the tubular shaft.

[0009] In one or more embodiments of the electrical
device according to any one of the previous paragraphs,
the electrical device further includes a dielectric housing
encasing at least the flared free end of the tubular shaft.
[0010] Accordingtoone or more aspects of the present
disclosure, a method of forming an electrical device in-
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cludes the steps of providing a planar sheet of an elec-
trically conductive material having alayer ofa solder com-
position covering a first side, forming a planar body by
separating the body from the planar sheet, removing a
portion of the layer of the solder composition from a sec-
tion of the first side of the body, and extruding the section
to form a tubular shaft extending from a second side of
the body opposite the first side.

[0011] Inone or more embodiments of the method ac-
cording to the previous paragraph, the body has a diam-
eter that is greater than a diameter of the tubular shaft.

[0012] In one or more embodiments of the method ac-
cording to any one of the previous paragraphs, the body
defines an annular shape.

[0013] Inone or more embodiments of the method ac-
cording to any one of the previous paragraphs, the planar
sheetis formed from a copper-based alloy and the solder
composition is a lead-free solder alloy.

[0014] In one or more embodiments of the method ac-
cording to any one of the previous paragraphs, the lead-
free solder alloy contains indium.

[0015] Inone or more embodiments of the method ac-
cording to any one of the previous paragraphs, the meth-
od further includes the steps of providing a flat electrical
conductor defining an aperture, inserting the tubular shaft
into the aperture, and flaring a free end of the tubular
shaft such that the free end has a diameter larger than
a diameter of the aperture.

[0016] Inone or more embodiments of the method ac-
cording to any one of the previous paragraphs, the meth-
od further includes the step of over molding a dielectric
housing at least over the free end of the tubular shaft
which has been flared, thereby encasing at least the free
end of the tubular shaft within the housing.

[0017] Inone or more embodiments of the method ac-
cording to any one of the previous paragraphs, the meth-
od further includes the step of forming a plurality of slits
in the tubular shaft extending axially along the tubular
shaft, thereby dividing the tubular shaft into a plurality of
tubular sections.

[0018] In one or more embodiments of the method ac-
cording to any one of the previous paragraphs, the meth-
od further includes the steps of providing a flat electrical
conductor defining an aperture, inserting the tubular shaft
into the aperture, and flaring a free end of the tubular
shaft such that a distance between the free ends of the
plurality of tubular sections is increased.

Fig. 1is a perspective bottom view of a solder coated
rivet electrical connector according to some embod-
iments;

Fig. 2 is a perspective top view of the solder coated
rivet electrical connector of Fig. 1 according to some
embodiments;

Fig. 3 is a perspective view of a flat electrical con-
ductor according to some embodiments;
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Fig. 4 is a perspective bottom view of an electrical
connector assembly including the flat electrical con-
ductor of Fig. 3 and two of the solder coated rivet
electrical connectors of Fig. 1 according to some em-
bodiments;

Fig. 5 is an isolated perspective view of the one of
the solder coated rivets as formed in the electrical
connector assembly of Fig. 4 according to some em-
bodiments;

Fig. 6 is an isolated side view of the solder coated
rivet of Fig. 5 according to some embodiments;

Fig. 7 is a perspective top view of a solder coated
rivet electrical connector according to some embod-
iments;

Fig. 8 is a perspective bottom view of an electrical
connector assembly of the flat electrical conductor
of Fig. 3, two solder coated rivets of Fig. 7, and an
over molded housing according to some embodi-
ments;

Fig. 9 is a bottom plan view of an electrical connector
assembly of Fig. 8 according to some embodiments;

Fig. 10 is a cross section end view of an electrical
connector assembly of Fig. 8 along the section line
10-10 of Fig. 9 according to some embodiments;

Fig. 11 is a partial cross section side view of an elec-
trical connector assembly of Fig. 8 along the section
line 11-11 of Fig. 8 according to some embodiments;
and

Fig. 12 is a flow chart of a method of forming a solder
coated rivet electrical connector.

[0019] An electrical connector particularly well suited
for interconnecting a flat electrical conductor to a con-
ductive pad, e.g., on a glass or polycarbonate sheet, is
presented herein. The electrical connector is in the form
of a rivet or eyelet and has a body and a tubular shaft
extending from the body. One side of the body is coated
with a solder composition. The head of the electrical con-
nector may be inserted within an aperture in a flat con-
ductor and then crimpled by flaring an end of the head,
thereby electrically and mechanically attaching the elec-
trical connector to the flat conductor. The coated side of
the body is then placed on the conductive pad and the
electrical conductor is heated until the solder reflows,
thereby electrically and mechanically attaching the elec-
trical connector to the conductive pad.

[0020] Figs. 1 and 2 are perspective views of a solder
coated rivet electrical connector, hereinafter referred to
as the rivet 100, according to some embodiments. The
rivet 100 is preferably formed of material with a high elec-
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trical conductivity, such as brass or another copper-
based alloy. In other embodiments, the rivet 100 may be
formed of a nickel-iron alloy. Suitable alloys include an
alloy containing 64% iron by weight and 36% nickel by
weight, e.g., INVAR®, or an alloy containing 55% iron by
weight and 27% nickel by weight, e.g., KOVAR™. Rivets
made from these alloys provide the advantages of having
a coefficient of thermal expansion similar to glass and
being capable of being held in place by an electromagnet
during a soldering operation.

[0021] The rivet 100 has an annular body 102 having
a substantially flat first side 104. As illustrated in Fig. 1,
the first side 104 is the bottom side of the body 102. The
rivet 100 also includes a tubular shaft 106 which extends
from a second side 108 of the body 102 that is located
opposite the first side 104. As illustrated in Fig. 1, the
tubular shaft 106 extends from the top side of the body
102. In the illustrated example, the tubular shaft 106 is
integrally formed with the body 102. The first side 104 is
substantially parallel with the second side 108. As used
herein, substantially parallel means within one degree of
absolutely parallel. A layer of a solder composition 110,
410, such as a lead-free solder alloy containing indium,
is coated or clad onto the first side 104 of the body 102.
[0022] The rivet 100 may be used to form an electrical
connector for a flat electrical connector 200 having at
least one flat electrical conductor, hereinafter referred to
as the conductor 202 as shown in Fig. 3. The flat con-
ductor 202 defines an aperture 204 near an end of the
conductor 202. As shown in Fig. 4, the tubular shaft 106
of the rivet 100 is inserted within the aperture 204 in the
conductor 202 and then a free end 112 of the tubular
shaft 106 opposite the body 102 is flared 114 or swedged
as shown in Figs. 5 and 6, so that the free end 112 has
a diameter larger than the diameter of the aperture 204
inthe conductor 202. Preferably the free end 112 is flared
so that the flared end 114 is in compressive contact with
the conductor 202, thereby mechanically and electrically
attaching the rivet 100 to the flat conductor. The rivet is
not crimped, i.e., the tubular shaft 106 is not flattened or
deformed, until after the tubular shaft 106 is inserted with-
in the aperture 204 in the conductor 202. A portion of the
conductor 202 is covered by an electrical insulative ma-
terial 206, such as a4,4’-oxydiphenylene-pyromellitimide
material, e.g., KAPTON® tape.

[0023] After the rivet 100 is attached to the conductor
202 to form an electrical connector assembly 300 as il-
lustrated in Fig. 4, the conductor 202 may be attached
to a conductive pad (not shown) on a glass, laminated
glass, or polycarbonate sheet (not shown) by placing the
first side 104 of the rivet 100 in contact with the conductive
pad and heating the rivet 100 to reflow the solder on the
first side 104, thereby providing a means for mechanically
and electrically attaching the rivet 100 to the conductive
pad.

[0024] An alternative embodiment of a rivet 400 is
shown in Fig. 7. The rivet 400 is preferably formed of
material with a high electrical conductivity, such as brass
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or another copper-based alloy. In other embodiments,
the rivet 400 may be formed of a nickel-iron alloy. Suitable
alloys include an alloy containing 64 % iron by weight and
36% nickel by weight, e.g., INVAR®, or an alloy contain-
ing 55% iron by weight and 27% nickel by weight, e.g.,
KOVAR™. Rivets made from these alloys provide the ad-
vantages of having a coefficient of thermal expansion
similar to glass and being capable of being held in place
by an electromagnet during a soldering operation.
[0025] The rivet 400 has an annular body 402 having
a substantially flat first side 404. As illustrated in Fig. 7,
the first side 404 is the bottom side of the body 402. The
rivet 400 also includes a tubular shaft 406 which extends
from a second side 408 of the body 402 that is located
opposite the first side 404. As illustrated in Fig. 7, the
tubular shaft 106 extends from the top side of the body
102. In the illustrated example, the tubular shaft 406 is
integrally formed with the body 402 and defines a plurality
of axial slits 416 that form a plurality of tubular sections
418. The first side 404 is substantially parallel with the
second side 408. As used herein, substantially parallel
means within one degree of absolutely parallel. A layer
of a solder composition 410, such as a lead-free solder
alloy containing indium, is coated or clad onto the first
side 404 of the body 402.

[0026] The rivet 400 may be used to form an electrical
connector assembly 500 by attaching the rivet 400 to the
conductor 202 as shown in Fig. 3. The conductor 202
defines an aperture 204 near an end of the conductor
202. As shown in Fig. 8, the tubular shaft 406 of the rivet
400 is inserted within the aperture 204 in the conductor
202 and then free ends 412 of the tubular sections 418
have flared 414 or swedged sections as shown in Figs.
8-11, so that a distance between the free ends 412 of
the plurality of tubular sections 418 is increased, thereby
mechanically and electrically attaching the rivet 400 to
the conductor 202. The rivet 400 is not crimped, i.e., the
tubular sections 418 are not flattened or deformed, until
after the tubular shaft 406 is inserted within the aperture
204 in the conductor 202. A portion of the conductor 202
is covered by an electrical insulative material 206, such
as a 4,4’-oxydiphenylene-pyromellitimide material, e.g.,
KAPTON® tape.

[0027] The electrical connector assembly 500 also in-
cludes a housing 502 formed of a moldable insulative
material, such as polybutylene terephthalate (PBT), acry-
lonitrile butadiene styrene (ABS) or polyamide (NYLON)
polymers, These polymers may or may not be glass filled.
The housing is over molded around the apertures 204 in
the conductors 202. As best shown in Figs, 10 and 11,
the housing 502 defines an opening 504 extending
through the housing 502 and located around the aper-
tures 204 to allow access to the apertures 204 for insert-
ing the rivet 400 into the apertures 204 and flaring 414
the tubular sections 418.

[0028] Alternative embodiments may be envisioned in
which the rivets 100 are used with the housing 502 or
the rivets 400 are used without the housing 502.
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[0029] Fig. 12 illustrates a method 600 of forming a
solder coated rivet electrical connector, such as the rivet
100 described above. The method contains the following
steps:

STEP 602, PROVIDE A PLANAR SHEET OF AN
ELECTRICALLY CONDUCTIVE MATERIAL HAV-
INGALAYER OF ASOLDER COMPOSITION COV-
ERING A FIRST SIDE, includes providing a planar
sheet of an electrically conductive material, such as
brass, another copper-based alloy, or a nickel-iron
alloy, when the planar sheet has a layer of a solder
composition covering afirst side, such as a lead-free
solder alloy containing indium which is coated or clad
onto one side of the planar sheet;

STEP 604, FORM APLANAR BODY BY SEPARAT-
ING THE BODY FROM THE PLANAR SHEET, in-
cludes forming a planar body 102, 402 by separating
the body 102, 402 from the planar sheet, forexample
by using a cutting, stamping, or blanking operation;

STEP 606, REMOVE A PORTION OF THE LAYER
OF THE SOLDER COMPOSITION FROM A SEC-
TION OF THE FIRST SIDE OF THE BODY, includes
removing a portion of the layer of the solder compo-
sition 110, 410 from a section of the first side 104,
404 of the body 102, 402, for example by using a
heated vacuum solder removal tool. The section
from which the layer of the solder composition 110,
410 is removed preferably has a generally circular
shape;

STEP 608, EXTRUDE THE SECTION TO FORM A
TUBULAR SHAFTEXTENDING FROM A SECOND
SIDE OF THE BODY OPPOSITE THE FIRST SIDE,
includes extruding the section from which the layer
of the solder composition 110, 410 is removed to
form a tubular shaft 106, 406 that extends from a
second side 108, 408 of the body 102, 402 that is
arranged opposite the first side 104,404. The body
102, 402 has a diameter that is greater than a diam-
eter of the tubular shaft 106, 406;

STEP 610, FORM A PLURALITY OF SLITS IN THE
TUBULAR SHAFT EXTENDING AXIALLY ALONG
THE TUBULAR SHAFT, THEREBY DIVIDING THE
TUBULAR SHAFT INTO A PLURALITY OF TUBU-
LAR SECTIONS, is an optional step including form-
ing a plurality of slits 416 in the tubular shaft 406
extending axially along the tubular shaft 406, thereby
dividing the tubular shaft 406 into a plurality of tubular
sections 418;

STEP 612, PROVIDE A FLAT ELECTRICAL CON-
DUCTORDEFINING AN APERTURE, is an optional
step thatincludes providing a flat electrical conductor
202 defining an aperture 204;
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STEP 614, INSERT THE TUBULAR SHAFT INTO
THE APERTURE, is an optional step that includes
inserting the tubular shaft 106, 406 into the aperture
204,

STEP616,FLARE AFREE END OF THE TUBULAR
SHAFT SUCH THAT THE FREE END HAS A DIAM-
ETER LARGER THAN A DIAMETER OF THE AP-
ERTURE, is an optional step that includes flaring
114 a free end 112 of the tubular shaft 106 such that
the free end 112 has a diameter larger than a diam-
eter of the aperture 204; and

STEP 618, FLARE AFREE END OF THE TUBULAR
SHAFT SUCH THAT A DISTANCE BETWEEN THE
FREE ENDS OF THE PLURALITY OF TUBULAR
SECTIONS IS INCREASED, is an optional step that
includes flaring 414 a free end 412 of the tubular
shaft 406 such that a distance between the free ends
412 of the plurality of tubular sections 418 is in-
creased.

[0030] The rivet 100, 400 provides the advantages of
having a thermal mass that more gradually transfers heat
to a conductive pad on a glass surface which reduces
the likelihood of cracking the glass compared to directly
soldering a flat conductor to a conductive pad on a glass
surface. The rivet 100, 400 also provides a larger surface
area compared to directly soldering a flat conductor to a
conductive pad on a glass surface which reduces local-
ized heating of the glass, again thereby reducing the like-
lihood of cracking the glass. The rivet 100, 400 provides
a strong bond between the conductor 202 and the con-
ductive pad which is less prone to peeling. In addition,
the flared tubular sections 418 of rivet 400 have sharp
corners that "bite" into the conductor 202 to provide a
better electrical and mechanical connection between the
rivet 400 and the conductor 202.

[0031] Whiletheinvention hasbeen described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made, and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, itis intended that the invention
is not limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. An electrical device, comprising:

a flat electrical conductor (202) defining an ap-
erture (204); and
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an electrically conductive rivet (100, 400) with a
body (102, 402) having a layer of a solder com-
position (110, 410) disposed on a first side (104,
404) and a tubular shaft (106, 406) extending
from a second side (108, 408) of the body (102,
402) opposite the first side (104, 404), wherein
a free end (112, 412) of the tubular shaft (106,
406) is flared such that the free end (112, 412)
has a diameter larger than a diameter of the ap-
erture (204).

The electrical device according to claim 1, wherein
the tubular shaft (406) defines a plurality of tubular
sections (418) separated by slits (416) extending ax-
ially along the tubular shaft (406).

The electrical device according to claim 2, wherein
the free end (412) of the tubular shaft (406) is flared
such that a distance between the free ends (412) of
the plurality of tubular sections (418) is increased.

The electrical device according to claim 1, wherein
the body (1023, 402) and the tubular shaft (106, 406)
are integrally formed from a copper-based alloy and
wherein the solder composition (110, 410) is a lead-
free solder alloy.

The electrical device according to claim 1, wherein
the body (102, 402) defines an annular shape and
wherein the first side (104, 404) of the body (102,
202) is substantially parallel to the second side of
the body (108, 408).

The electrical device according to claim 6, wherein
an outer diameter of the body (102, 202) is greater
than an outer diameter of the tubular shaft (106, 406).

The electrical device according to claim 1, further
comprising:

a dielectric housing (502) encasing at least the flared
free end (112, 412) of the tubular shaft (106, 406).

A method (600) of forming an electrical device, com-
prising:

providing (602) a planar sheet of an electrically
conductive material having a layer of a solder
composition (110,410) covering afirst side (104,
404);

forming (604) a planar body (102, 402) by sep-
arating the body (102, 402) from the planar
sheet;

removing (606) a portion ofthe layer of the solder
composition (110, 410) from a section of the first
side (104, 404) of the body (102, 402); and
extruding (608) the section to form a tubular
shaft (106, 406) extending from a second side
(108, 408) of the body (102, 402) opposite the
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first side (104, 404).

The method according to claim 8, wherein the body
(102, 402) has a diameter that is greater than a di-
ameter of the tubular shaft (106, 406).

The method according to claim 9, wherein the body
(102, 4023) defines an annular shape.

The method according to claim 8, wherein the planar
sheet is formed from a copper-based alloy and
wherein the solder composition (110, 410) is a lead-
free solder alloy.

The method according to claim 8, further comprising:

providing (612) a flat electrical conductor (202)
defining an aperture (204);

inserting the tubular shaft (106, 406) into the ap-
erture (204); and

flaring a free end (112, 412) of the tubular shaft
(106, 406) such that the free end (112, 412) has
adiameter larger than a diameter of the aperture
(204).

The method according to claim 12, further compris-
ing:

over molding a dielectric housing (502) at least over
the free end (112, 412) of the tubular shaft (106, 406)
which has been flared, thereby encasing at (112,
412) of the tubular shaft (106, 406) within the housing
(502).

The method according to claim 8, further comprising:
forming (610) a plurality of slits (416) in the tubular
shaft (406) extending axially along the tubular shaft
(406), thereby dividing the tubular shaft (406) into a
plurality of tubular sections (416).

The method according to claim 14, further compris-
ing:

providing a flat electrical conductor (202) defin-
ing an aperture (204);

inserting the tubular shaft (406) into the aperture
(202); and

flaring a free end (412) of the tubular shaft (406)
such thatadistance between the free ends (412)
of the plurality of tubular sections (416) is in-
creased.
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